increased both inside and outside the melanocytes in all the regions. The greatest increase occurred in the areola where it was mainly due to a large increase of free melanin. In the nonsexual skin areas there was a smaller increase of free melanin but a greater increase in melanin within the melanocytes. No statistically significant changes in the counts were produced in any of the skin regions.
4. In the ovariectomized animals which received progesterone the amount and depth of colour of the melanin increased both within and outside the melanocytes and this was most marked in the ear. No statistically significant changes in the counts were produced in any of the skin regions. The general effect produced by progesterone was found to be less than that which occurred after oestrogen.
Numerous workers have reported that oestrogens can stimulate melanogenesis in the skin in a wide variety of species. Little work, however, has been done on the influence of progesterone on this process, and it would appear from a review of the literature that the effect of ovariectomy on melanogenesis in animals has never been investigated. Many of the observations on the influence of the female sex hormones on pigment formation have been macroscopic only and microscopical studies have been confined to vertical skin sections. Vertical sections have the disadvantage that accurate melanocyte counts are impossible and that the appearances of the melano¬ cytes cannot be adequately demonstrated. The present paper describes a histochemical investigation into the appearances of the melanocytes in the skin of the female guinea-pig following ovariectomy and administration of oestrogen or proge¬ sterone, using both skin sheets and vertical sections. It 'was hoped to establish whether in the female guinea-pig the numbers, morphology and activity of the melanocytes and the amount and distribution of melanin in sexual and non-sexual skin areas are influenced by female sex hormones.
MATERIAL AND METHODS
Eighteen mature virgin guinea-pigs weighing about 500 g and known to have regular oestrous cycles, as verified by the vaginal smear technique [Stockard & Papanicolaou, 1917; Selle, 1922] , were used.
To remove side effects from ovarian cyclic activity, they were ovariectomized, and then divided into three groups, each of three pure black and three pure red animals, as follows: untreated animals (group 1), treated with oestrogen (group 2) or pro¬ gesterone (group 3). Ovariectomy was performed at oestrus. At the same time (group 1) or 1 month later (groups 2 and 3) specimens of skin about 0-5 cm2 were removed from the ear, anterior abdominal wall and sole of foot, and the right areola was excised. Starting 1 month after ovariectomy, animals of group 2 were injected i.m. with 0-1 mg oestradiol monobenzoate (Organon) and those of group 3 with 0-4 mg progesterone (Organon) 5/week for 4 weeks. They were then killed and skin specimens removed adjacent to those taken previously and the left areola was excised. In group 1 the second specimens were removed 1 month after ovariectomy.
Most of the specimens were left intact after excess subcutaneous fat and the deeper part of the dermis had been excised under a dissecting microscope. A few of the specimens were treated with trypsin to disengage the epidermis, using the 'skinsplitting' technique of Billingham & Medawar [1951] , as modified by Szabó [1955] . All the specimens were then processed under identical conditions and subjected to the 'Dopa' reaction. The greater part of each skin sheet was mounted in Canada balsam, the remainder was embedded in paraffin and vertical sections 6 µ thick were cut.
Melanocytes were assessed by determining their number and size and the amount, colour and position of melanin within the cells. The length, width and complexity of the dendritic processes were also noted and an attempt was made to assess the amount and colour of the free melanin present, i.e. that situated outside the melanocytes.
The melanocytes were counted, at a magnification of 375, in ten randomly chosen areas each measuring 0-04 mm2. In the sole of the foot melanocyte counts were found to be impracticable, owing to the melanocytes being superimposed one upon the other on the sides of the very steep dermal papillae.
RESULTS
The melanocytes of guinea-pig skin occur in two sites, the hair follicles and the basal layer of the surface epidermis. In the present work our study has been confined to the melanocytes and melanin of the surface epidermis. The appearances of the melano¬ cytes and melanin in the skin of the normal guinea-pig at different ages in the two sexes have been fully reported previously [Bischitz & Snell, 1959a [5] [6] [7] [8] and tended to become concentrated at the periphery of the cell bodies of the melano¬ cytes. Although many of the latter showed these changes a few normal looking melanocytes were always present in all the skin specimens. The amount of free melanin in the ear showed no consistent change ; in the anterior abdominal wall it remained unchanged in five animals, but in the areola a definite reduction occurred in four. Both the melanin within and outside the melanocytes appeared lighter in colour. In the sole of the foot five of the animals showed a slight to moderate increase of melanin in the basal layer of the epidermis. The melanocyte counts for each skin region show that in the skin of the ear and anterior abdominal wall there is no significant difference between the cell counts of the specimens removed before and after ovariectomy, but in the areola a significant reduction in the count occurred (Table 1) .
Effect of oestrogen on melanocytes and melanin in ovariectomized guinea-pigs
In the skin of the ear and anterior abdominal wall the most marked effect pro¬ duced was the increase in the amount and depth of colour of the melanin both within and outside the melanocytes (PL 2, figs. 9, 10). Neither the size of the cell body nor the length of the dendritic processes of the melanocytes showed any consistent alteration. Many of the melanocytes were seen to be packed with melanin which completely obscured their nuclei. However, the gross deformity which occurred in some of the melanocytes as the result of ovariectomy was unaffected by the oestrogen therapy despite the increased amount of intracellular melanin. In the areola there was a large increase in the amount of free melanin and greater than that found else¬ where, which made recognition of the individual melanocytes impossible in some of the sections (PL 2, figs. 11, 12). The vertical sections showed that the increase in melanin had occurred in all layers of the epidermis. In those sections in which detailed examination was possible it was seen that while there was an increase in the amount and depth of colour of the melanin within the melanocytes there was, however, a much greater increase outside them. The size of the cell bodies remained unchanged, but the dendritic processes became wider, shorter and less branched. In the sole of the foot a marked increase in the amount and depth of colour of the melanin occurred in all layers of the epidermis (PL 2, figs. 13, 14). The melanocyte counts for each skin region shows that there is no significant difference between the cell counts of speci¬ mens removed before and after oestrogen treatment in any of the regions (Table 2) . However, in the areolae of the two animals in which counting was possible the melano¬ cytes were greatly increased in number. & Snell, 19590] showed that the inhibition of melanogenesis produced by testosterone is accompanied by a reduction in the amount of melanin present within the melano¬ cytes. It was thought that the morphological changes in the melanocytes noted in this experiment may be illustrating a more advanced stage in this process. The greatest effect was seen in the areola where in addition to definite morphological changes in the melanocytes and in the reduction of melanin there was also a significant reduction in cell counts. The increase in the amount of melanin found in the sole of the foot would appear to be explained by the stimulating effect on melanogenesis known to follow the operative procedure of the initial skin biopsy; this effect on melanogenesis has been fully reported previously [Snell & Bischitz, 1959] . [1953] , for example, who also found that oestrogen increased skin pigmentation in ovariectomized women, showed by means of a spectrophotometer that this was largely due to an increase in the oxyhaemoglobin content of the skin.
The present work has been an investigation into the effect of oestrogen on the detailed morphology of the melanocytes and on the melanin content of the skin taken from sexual and non-sexual regions. Although the mean cell count was raised in each skin region, and particularly in the areola, no statistically significant changes the counts were produced in any of the regions studied. The results show that oestrogen increased the amount of melanin present within and outside the melano¬ cytes in all the skin areas examined. The greatest increase in the amount of melanin occurred in the areola where it was mainly due to a large increase of free melanin ; the amount of melanin within the melanocytes increased to a much smaller extent.
In the non-sexual skin areas there was a smaller increase of free melanin but a greater increase of melanin within the melanocytes. It would be interesting to know whether or not these differences between sexual and non-sexual skin are due to different rates at which melanin leaves the melanocyte. These results suggest that oestrogen strongly stimulates melanogenesis and, with the dose used in the present experiment, produces its greatest effect on a sexual area, namely the skin of the areola. A further point of interest was the fact that the gross deformity which occurred in some of the melanocytes following ovariectomy appeared to be unaffected by the oestrogen treatment, despite the fact that the amount of intracellular melanin had increased. It was particularly interesting to note that, of the skin areas examined, the melano¬ cytes of the areola were most sensitive to changes in oestrogen level. This predilection of the stimulatory effect of oestrogen for the melanocytes in the sexual areas of skin was also noted by Guldberg [1934] who found that after administration of folliculin to castrated male guinea-pigs the increased pigmentation occurred first in the primary and secondary sexual areas, and in other skin areas only when larger doses of the hormone were used.
The influence of progesterone on skin pigmentation has been investigated by a number of workers, but the results are contradictory. This may be partly explained by the fact that a variety of species and different doses have been used, and most of the studies were limited to macroscopical observations or microscopical studies with vertical sections. Davis et al. [1945] and Wheeler et al. [1953] have reported that progesterone has no effect on skin pigmentation in the castrated male guinea-pig. On the other hand, Kuppermann [1944] , using the golden hamster, found that progesterone reduces the pigmentation in the intact male while in the castrated male and the normal and spayed female progesterone had no effect. Tsubota [1936] found that lutinol-a corpus luteum extract-prevents the increased pigmentation which normally follows the administration of an ovarian follicular extract in the guinea-pig. Lerner, Shizume & Fitzpatrick [1953] state that progesterone darkens melanocytes in human skin.
The results of the present work on the ovariectomized guinea-pig show that following progesterone treatment there are no statistically significant changes in the melanocyte counts, but the amount of melanin is increased in all regions examined.
The increase in the sole of the foot, however, was found to be no greater than that which follows the operative procedure associated with skin removal [Snell & Bischitz, 1959] .
In an investigation into the effects of pregnancy on the melanocytes and melanin of the guinea-pig [Snell & Bischitz, 1960] , it was found that there was an increased melanogenic activity in all the skin regions examined and this was most marked in the skin of the areola. In addition, but in contrast to the present investigation, it was found that a significant increase in melanocyte numbers occurred in each region. Work on the melanocyte-stimulating hormone of the pituitary led Johnsson & Högberg [1953] to believe that this hormone is responsible for the production of the hyperpigmentation which occurs during pregnancy. However, since the results of the present investigation have shown that both oestrogen and progesterone can stimu¬ late melanogenesis, the greatly increased amounts of these sex hormones known to be circulating during pregnancy may also be involved in the production of the hyper¬ pigmentation. This is in agreement with the views of Lerner, Shizume & Bunding [1954] .
We gratefully acknowledge financial assistance from the Medical Research Council for this work. 
